INTRODUCTION
Biological invasions are a major threat to biodiversity and economic activity (Schmitz & Simberloff, 1997; Pimentel et al., 2000; Occhipinti-Ambrogi & Savini, 2003) . While a considerable amount of effort has been devoted to prevent, control, and eradicate invasive species worldwide, management strategies designed to mitigate their negative impacts partially rely on reconstructions of invasion routes; these enable the immediate source to be identifi ed and thus facilitate the design of strategies for controlling (e.g., biocontrol agent) or preventing invasions (Hulme, 2009; Wilson et al., 2009; Estoup & Guillemaud, 2010) . Reconstructing routes of invasion based on historical observation data is challenging since the data are often sparse and incomplete (Estoup & Guillemaud, 2010) ; however, this limitation can now be overcome by implementing DNA-based molecular tools (e.g., Eur. J. Entomol. 116: 253-257, 2019 doi: 10.14411/eje.2019.029 NOTE a single band with the expected size were sequenced by Genomics BioSci and Tech Corp. (Taipei, Taiwan) using an ABI-3730 autosequencer to confi rm if they corresponded to the expected microsatellite loci. The nucleotide sequences of confi rmed microsatellites were deposited in NCBI GenBank (accession nos. KY912037-KY912074) (Table 1) .
Sampling, DNA extraction, and microsatellite genotyping
Paratrechina longicornis samples were collected between 2012 and 2015 from 74 colonies in three geographical regions, namely Taiwan (Taiwan island, 27 colonies), Thailand (central Thailand, 29 colonies), and Okinawa (Okinawa island, Japan, 18 colonies). The distance between each sampled colony was at least 100 m. One worker per colony was used for subsequent population genetic analyses. In addition, 8 queens (Taiwan, 2 colonies; Thailand, 2 colonies) and 5 males (Taiwan, 3 colonies) were sampled and used in genetic analyses. Genomic DNA was extracted using the Gentra Puregene Cell and Tissue Kit (Qiagen, Maryland, USA) according to the manufacturer's instructions and stored at -20°C until use.
In order to genotype all individual ants in an economic manner, we performed multiplex PCR reactions with fl uorescently labeled universal primers following the strategy described in Blacket et al. (2012) . Four fl uorescent labeled universal primers and modifi ed locus-specifi c primers with a 5' universal primer sequence tail were used. Five to six loci were amplifi ed per multiplex reaction. PCR reactions contained a total volume of 20 μl, composed of 10 μl of EmeraldAmp® MAX PCR Master Mix (TaKaRa, Otsu, Shiga, Japan), 1.5 μl of 10 μM primer pairs, 7.5 μl of ddH 2 O an d 1 μl of genomic DNA from the ant sample (50 to 100 ng). The PCR conditions were as follows: initial denaturation at 94°C (3 min) followed by 35 cycles of 94°C (30 s), 55°C (30 s) and 72°C (30 s), with a fi nal extension phase at 72°C (30 min). The resulting PCR products were analyzed on an ABI-3730 Genetic Analyzer (Applied Biosystems) by Genomics BioSci and Tech Co., Ltd (Taipei, Taiwan). GeneMarker program (version 2.4.0, SoftGenetics LLC) was used to visualize and score alleles.
Characterization of microsatellite loci
Summary statistics of novel microsatellite markers including the number of alleles (Na), Shannon's information index (I), and observed heterozygosity (Ho) were calculated using GenAlEx 6.5 software (Peakall & Smouse, 2006) . Regional genetic differentiation, as expressed by Wright's F ST (F ST ), Jost's estimate of differentiation (Dest), and Hedri ck's standardized G ST for small number of populations (G'' ST ), was estimated using GenAlEx 6.5 software (Peakall & Smouse, 2006) .
RESULTS
Among 65 primer sets tested, 36 succeeded in amplifi cation and showed polymorphisms (Table 1) . A total o f 305 alleles were amplifi ed from the 36 loci based on the 74 genotyped worker individuals. The number of alleles per locus ranged from 3 to 18, averaging 8.5 alleles per locus for the worker dataset ( Table 1) . The prese nce of null alleles was unlikely as the vast majority of workers were heterozygous ( Table 2 ). All 36 loci were successfully amplifi ed from queen and male samples, and the number of alleles per locus ranged from 1 to 6 in queens and 1 to 3 in males (Table 1) . Among the 36 loci, queens and males had non-overlapping allele size ranges at 18 loci (Table 1, highlighted in bold).
From the 305 alleles observed in the worker dataset, 40, 45, and 2 private alleles (i.e., the number of alleles unique to a single population) were found in Taiwan, Thailand, and Okinawa populations, respectively. The frequencies of private alleles were generally low, with average frequencies of 0.026, 0.033, and 0.083 as the markers of choice for high-resolution population analysis because of the advantages of high variability, easy access, and low cost (Guichoux et al., 2011) .
The longhorn crazy ant, Paratrechina longicornis (Latreille, 1802), is regarded as a signifi cant invasive species due to its ecological impacts (Wetterer, 2008) . The native range of this invasive species and its invasion history, however, remain controversial (Wetterer, 2008; LaPolla & Fisher, 2014) . A previous study reported that colonies of P. longicornis from Bangkok, Thailand display a remarkable genetic system, whereby workers are produced by sexual reproduction, whereas queens are clones of their mothers and males are clones of their fathers (Pearcy et al., 2011) . Under this system, workers carry high levels of heterozygosity as they are produced from divergent queen and male clones. As a consequence, the spatial pattern of genetic variation may be biased if analyzing the worker genotype alone due to the strong sex-associated structure between their male-and femalederived genomes. To overcome this, sexuals (i.e. male, queen and/or daughter queen) should be used instead (e.g., Fournier et al., 2005; Kuhn et al., 2017) or, where sexuals are not available, male and queen lineages can be inferred based on worker genotype (e.g., Darras et al., 2014) . Paratrechina longicornis sexuals are, however, diffi cult to fi nd in the fi eld, being located deep within the nest in cavities of concrete objects with narrow crevices, and produced only during the warm, rainy months (Trager, 1984; Tseng, pers. observ.) . This limitation, therefore, highlights the need to develop microsatellite markers that can infer male and queen lineages from the worker genotype. We note that of the 15 previously published microsatellite markers (Molecular Ecology Resources Primer Development Consortium et al., 2011), 11 display the potential to distinguish queen and male alleles from worker genotypes (Pearcy et al., 2011) . To increase the power and resolution of infering the invasive history of P. longicornis, we developed a new set of polymorphic microsatellite makers and characterized the novel markers using worker and sexual samples from three geographical regions in East and Southeast Asia.
MATERIAL AND METHODS

Development of microsatellite markers
DNA libraries were prepared from genomic DNA of two P. longicornis queens from Thailand using a TruSeq Nano DNA Library Preparation Kit (Illumina, San Diego, CA, USA) and sequencing on an Illumina HiSeq 2000. De novo genome assembling was carried out by Kuora Co., Ltd (Taipei, Taiwan) following the procedure described below. Trimming and error-correction were performed with Trimmomatic (Bolger et al., 2014) and BBMap software (Bushnell, 2015) . Error-corrected reads were assembled using Platanus (Kajitani et al., 2014) . The draft contigs were then screened for microsatellite loci containing 10 or more dinucleotide repeats using MSATCOMMANDER (Faircloth, 2008) . A total of 65 potential microsatellite loci were selected, and primer pairs were designed using the Primer3 program (Rozen & Skaletsky, 1999) embedded in MSATCOMMANDER with default settings (product sizes ranging from 150 to 350 bp).
The 65 potential microsatellite loci were screened for positive PCR amplifi cation using agarose gel electrophoresis. PCR reactions contained a total volume of 20 μl, composed of 10 μl of EmeraldAmp® MAX PCR Master Mix (TaKaRa, Otsu, Shiga, Japan), 1 μl of 10 μM primer pairs, 8 μl of ddH 2 O and 1 μl of genomic DNA from one adult male (50 to 100 ng). The PCR conditions were as follows: initial denaturation at 94°C (3 min) followed by 35 cycles of 94°C (30 s), 55°C (30 s) and 72°C (40 s), with a fi nal extension phase at 72°C (7 min). All obtained PCR products underwent gel electrophoresis; those that yielded for P. longicornis in Taiwan, Thailand, and Okinawa, respectively. The number of alleles (Na), Shannon's information index (I), observed heterozygosity (Ho), and expected heterozygosity (He) for each region are listed in Table 2 . The microsatellite polymorphism and genetic diversity, as expressed by the average number of alleles per locus and average Shannon's information index, were generally higher in P. longicornis in Taiwan and Thailand than in Okinawa (Table 2) . Paratrechina longicornis in all regions displayed remarkably high levels of observed heterozygosity, with average values of 0.897, 0.901, and 0.880 for ants in Taiwan, Thailand and Okinawa, respectively (Table 2) . Pairwise F ST values were very low in all pairwise population comparisons, ranging from 0.016 to 0.020 (Table 3) . Similar results were found for Dest and G' ' ST yet g enetic differentiation between regions were signifi cant (Dest = 0.032-0.048; G'' ST = 0.048-0.070; Table   3 ). Overall, our data reveal a high degree of genetic variability, and thus highlight the substantial potential of these newly developed markers on population genetic studies.
DISCUSSION
In the present study, we developed a set of 36 microsatellite markers for the longhorn crazy ant P. longicornis. Descriptive statistics of the 36 microsatellite loci across all studied regions indicate that these loci are suffi ciently polymorphic to conduct population genetic studies on this invasive ant. Among the 36 loci, queens and males had non-overlapping allele size ranges at 18 loci, implying these loci could be an ideal tool to infer genetic lineages of queens and males from worker data.
Our genetic analy ses reveal a low yet signifi cant level of genetic differentiation in P. longicornis among the three studied regions. One explanation for this pattern is that these three regions were colonized by genetically similar source populations and the time since introduction may have not been suffi cient for drift or local adaptation to produce a measurable level of genetic differentiation. It is also likely that ongoing gene fl ow associated with extensive international commerce activities may have erased the signature of genetic differentiation among the three regions, given that P. longicornis is one of the most common ants found or intercepted on human-associated means of transport (Weber, 1939; Lester, 2005; Wetterer, 2008) . The levels of heterozygosity across the 36 loci were extremely high in workers of all studied regions. The high heterozygosity most likely results from the unusual reproductive mode of this species whereby workers are produced from hybrid mating from divergent queen and male clones. Our study suggests that this system is likely widespread in Asia and might be linked to the invasion success of P. longicornis as it acts as an adaptive trait to relax the costs associated with inbreeding (Pearcy et al., 2011) .
In conclusion, we have developed 36 high-quality microsatellite markers for P. longicornis. These novel markers, combined with 15 previously published microsatellite markers (Molecular Ecology Resources Primer Development Consortium et al., 2011) , potentially allow us to have higher resolving power in inferring the routes of introduction of P. longicornis and examining the population structure of this ant at a variety of geographical scales. These data, if obtained, would serve as baseline information for developing an effective control scheme or formulating appropriate quarantine procedures on P. longicornis.
